Background We assessed the impact of education on long-term overall and cause-specific mortality among 6575 injecting drug users (IDUs) according to HIV status and introduction of highly active antiretroviral therapy (HAART).
Introduction
Lower education has been associated with higher death rates of most specific causes, in western countries. [1] [2] Although educational level has been used as a measure of socio-economic position in public health research, it has several limitations and cannot be considered the best measure of social class. 3, 4 However, in the study of mortality inequalities in injecting drug users (IDUs), a population characterized by poverty and precariousness, educational level might be more heterogeneous than other indices of socio-economic position such as income or occupation. 5 It is also more strongly related to a behavioural pathway, which plays an important role in the study of mortality among young people addicted to drugs.
cases. [9] [10] [11] It has been reported that drug abuse affects mainly those with low-educational level. 12, 13 However, it remains unclear whether among IDUs, who are characterized by their disadvantaged social situation, economic difficulties, and lack of family and social support, lower education still predicts a higher mortality. [14] [15] [16] With the introduction of the highly active antiretroviral therapy (HAART), some studies have found that markers for low socio-economic status (SES) are associated with higher rates of disease progression and death [17] [18] [19] among HIV-infected
IDUs. This suggests that inequalities in health-care access or in medical management, or poor adherence to treatment-factors associated with SES 17 -could explain the observed heterogeneity. However, it does not fully explain the difference in progression found in groups with different socio-economic status since some studies have reported that the effect was also present before HAART. 20 To clarify whether in the context of free and universal access to HIV/AIDS care (in Spain since 1997 21 ) higher progression rates of HIV in people with a lower educational level are only attributable to the availability of HAART, it is necessary to analyse temporal trends in overall and cause-specific mortality for both HIV-positive and negative IDUs.
We have analysed the data from a well-characterized population-based cohort study of IDUs, set up in the late 1980s, with the following objectives: (i) to investigate the impact of education on long-term overall and cause-specific mortality, (ii) to test whether the effect of education on mortality has changed over the last decades, and (iii) whether any increases in the inequalities in mortality by educational level might be attributed to the introduction of HAART.
Methods

Study population
We prospectively recruited IDUs who attended any of the three AIDS Prevention and Information Centres (CIPS) of Valencia (Spain) from 1987 to 1996. These centres provide information and advice about HIV/AIDS infection to those who request it and carry out serological tests anonymously, confidentially, and free of charge. The coverage of the CIPS is estimated to be between 60 and 70%. All subjects were asked for informed consent and were given an anonymous identification code. 22, 23 Of a total of 7269 IDUs recruited during the study period, information on educational level was available for 6575 (90.5%) who thus became our study population. Sociodemographic characteristics, HIV status, and drug use habits of those with data on education did not differ from those excluded.
Data collection
Information was collected through a structured questionnaire administered in a face-to-face interview by trained personnel working at the centres. For each participant, socio-demographic characteristics (educational level, sex, age at first visit), HIV status, and drug-use habits (age and year at starting IDU, duration of IDU prior to study entry, and sharing drug-use equipment) were recorded at time of enrolment.
Educational level refers to the highest academic degree achieved, classified into four educational categories: no education (people with incomplete elementary education or no education), primary studies (8 years of schooling), secondary studies (9-12 years) and university degree (>13 years).
Follow-up and censoring strategy
Follow-up information was conducted at the recruiting centres and referral hospitals. In order to guarantee the completeness of data, cross-checks with the Mortality Registry were periodically performed using the initial of both surnames (included in the identification code), the date of birth, and sex. The last cross-check was carried out in October 2005 but analyses were censored by 31 December 2004 to allow for reporting delay. Patients were assumed to be alive on 31 December 2004 if there was no evidence of death in the Mortality Registry.
Individuals were followed up from study entry to death or 31 December 2004, whichever arose first. Entry date for the analyses was the first visit to the centres, except for 289 (4.4%) subjects who seroconverted to HIV during the study, in whom entry date was their first HIV-positive antibody test.
We analysed mortality from the four leading groups of causes of death, as defined by the International Classification of Diseases: AIDS (ICD-9 011.9 if death happened before December 1993, 117.5, 130, 136.3, 180.9 if death happened after December 1993, 200.2, 279 and 795.8, ICD-10 B20-B24); death related to drug use that included drug overdose (ICD-9 E850-858, ICD-10 X40-X44), septicaemia (ICD-9 038, ICD-10 A40-A41), endocarditis (ICD-9 421, 424.9, ICD-10 I33), lung oedema (ICD-9 518.4, ICD-10 J81) and drug dependence (ICD-9 304, ICD-10 F11-F16, F18-F19); death from injuries that included suicide (ICD-9 E950-E959, X60-X84 and Y87.0), accidental injuries (ICD-9 E800-E849, E860-E949, ICD-10 V01-X59 and Y40-Y86) and homicide (ICD-9 E960-E999, ICD-10 X85-Y34 and Y87.1); and death from liver diseases (ICD-9 070, 155-156, 570-573, ICD-10 K70, K73-K74). These four groups of causes are the most frequent in IDUs and represent almost 86% of the deaths within this cohort.
Statistical analysis
Descriptive analysis of the socio-demographic characteristics and drug-use habits for individuals in the four educational levels was carried out using frequency tables or median and interquartile range (IQR) when appropriate. Differences by educational level were analysed using the non-parametric Kruskal-Wallis test for continuous variables and the x 2 test for categorical data.
To asses the impact of HAART on the differences on global and cause-specific mortality by educational level, follow-up was divided into two calendar periods (1987-96 and 1997-2004) , before and after the introduction of HAART in our setting. Each person contributed to the analyses with as many registers of 'time periods' and 'age periods' he/she had been at risk.
Poisson regression models were used to examine the differences on the risk of death by educational level. Models were adjusted for the following potential confounders: sex, age, and HIV status. In order to determine the modifying effect of calendar period and these variables on the effect of education on mortality, interaction terms were included in the multivariate models. We used likelihood ratio tests to derive P-values.
Due to the small number of deaths among the group with the highest educational level, in the cause-specific analysis we grouped persons with secondary and university studies (labelled as higher education) and persons with primary or no education (labelled as lower education).
Analyses were performed in Stata 8.0 (StataCorp, College Station, TX, USA) using robust methods to estimate confidence intervals.
Results
Socio-demographic and drug-use characteristics (Table 1) Most individuals had primary studies (55.8%) or no education (21.9%), had used drugs for less than 120 months (79.7%) and started using drugs in their twenties (median age: 19, IQR: 16-20 years). Of 6575 IDUs, 77.2% were men, 80.3% aged 30 years or less at study entry, and 47.2% HIV positive. Individuals with higher education were more likely to be women, older at baseline, and HIV negative than those with primary studies or no education. A higher proportion of more educated individuals had not shared injection drug-use equipment and had used drugs for longer. The median follow-up time was 10 years (IQR 7.6-12.2).
All-cause mortality (Tables 2 and 3)
In 73 901 person-years of follow-up, there were 1493 deaths, resulting in an all-cause mortality rate of 20.2 per 1000 person-years (95% CI: 19.2-21.3). Educational level was found to be inversely related to mortality rates; compared to individuals with no education, rate ratios for those with secondary and university studies were, respectively, 0.71 (95% CI 0.60-0.84) and 0.52 (95% CI 0.36-0.77). Women experienced a 31% lower level of mortality than men (RR 0.69; 95% CI 0.60-0.79). Mortality rates increased significantly as age increased; compared with individuals aged less than 25 years, rate ratios for those aged 26-30 and more than 31 were, respectively, 1.46 (95% CI 1.19-1.78) and 1.77 (95% CI 1.48-2.13). As for duration of injecting drug use, a 2-fold increase in mortality (RR 2.07; 95% CI 1.76-2.44) was observed in those subjects who had injected drug use for longer than 120 months compared with those with short duration of injection (<24 months, baseline). Compared with HIV negative, those HIV-positive IDUs had 3-fold increase in the risk of death (RR 3.33; 95% CI 2.97-3.74). Sharing As shown in the last two rows of Table 2 , while before 1997 there was little difference in mortality by educational level, this effect was much stronger during 1997-2004 (interaction between education and calendar period, P-value 5 0.046).
In multivariate Poisson analysis, shown in Table 3 , the association between lower education and higher mortality remained significant after controlling for sex, HIV status, and age. Before 1997, a 32% decrease in mortality rates was seen in individuals with university studies compared with those with no education (RR 0.68; 95% CI 0.41-1.13), although it did not reach the statistical significance. After 1997 a 37% decrease in mortality was observed in those with secondary studies (RR 0.63; 95% CI 0.50-0.81) and a 55% decrease in those with a university degree (RR 0.45; 95% CI 0.25-0.80) compared with individuals with no education. A decrease in the risk of death was seen during 1997-2004 compared with years before 1997 for all four educational levels, but the reduction was greater for individuals with secondary (RR 0.54; 95% CI 0.41-0.70) and university studies (RR 0.49; 95% CI 0.23-1.03) than for those with lower education.
Cause-specific mortality (Tables 4 and 5)
The commonest cause of death was AIDS with 761 cases (10.3 per 1000 p-y) followed by drug use related with 234 (3.2 per 1000 p-y). One hundred and ninety seven (2.4 per 1000 p-y) deaths were attributable to injuries and 93 (1.3 per 1000 p-y) to liver diseases. Table 4 shows cause-specific death rates for both lower and higher educated in the total population and in the time before and after HAART. The inverse relation between education and mortality was especially high and statistically significant for injuries (RR 0.51; 95% CI 0.33-0.79), drug use (RR 0.66; 95% CI 0.47-0.94) and AIDS (RR 0.68; 95% CI 0.56-0.82). While before 1997 it was difficult to see substantial differentials by education, the inverse gradient with education was greater during 1997-2004.
Multivariate analyses adjusted by sex, age, and HIV status (Table 5) Stratified analyses by HIV status showed that the observed effect of education on overall and cause-specific mortality, before and after the wider use of HAART, was not different for either HIV negative or positive. Similarly, we failed to find any evidence suggesting that the effect of educational level on mortality differed by sex (data not shown).
Discussion
We have shown the existence of inequalities in mortality according to educational level among IDUs, independently of HIV status. This inverse (lower education, higher mortality) gradient is evident across both calendar periods studied (before and after 1997) but is stronger after the wider use of HAART in our setting. The cause-specific analyses showed that the availability of the highly active antiretroviral therapy resulted in reductions in AIDS-mortality for both lower and higher educated, with a slightly greater improvement for IDUs with higher education. Interestingly, this lower mortality rate after 1997 among the higher educated was also observed and was particularly strong for deaths related to drug use and injuries.
Several methodological limitations of this study have to be addressed. One is the extensively reported loss of follow-up in cohorts of IDUs. 23 Consequently we have combined the record linkage with the Registry of Mortality and the follow-up in Centres for AIDS Information and Prevention (CIPS) and area Table 5 Effect of education on cause-specific mortality before and after 1997 and effect of calendar period in each cause-specific relative risk of death for both lower and higher educated hospitals. Although some losses to follow-up are inevitable, we do not think that they are related to educational level. However, we have to assume a certain degree of underestimation of the overall mortality rates. Regarding misclassification of exposure, certain bias may have taken place, as individuals with lower education at entry might have become higher educated during follow-up. This misclassification would tend to ascribe a decreased risk of death in those with lower education and would decrease the difference between lower and higher educated subjects, biasing the results towards the null. In spite of the bias, a clearly differentiated mortality by educational level was detected, emphasizing the strong impact that having lower education has on mortality in IDUs. Another type of bias that may result as a consequence of the mixed design (combination of and open and a close cohort) is the survivorship bias, as people lower educated could have worse progression than those higher educated and thus could not contribute into the analyses after 1997. However, this survivorship bias would tend to ascribe a lower mortality in those lower educated, decreasing the difference between lower and higher educated individuals. As described in the methods section, information on HIV status refers to the first visit to the centres, except for 289 (4.4%) subjects who seroconverted to HIV during the study period, in whom entry date was their first HIV-positive antibody test. We performed analyses with and without this group and the results were unchanged (data not shown). It is worth noting that the incidence of seroconversion to HIV in our cohort of seronegative IDUs was not associated with educational level.
There are few cohort studies of young adults that have examined social inequalities in mortality. A reason for this is the low death rates in this population group. 6 Mortality rates observed in this study (21/1000 person-years) are extremely high, about 20 times higher than those of the general population of the same age and sex. 14, [24] [25] [26] Among IDUs, research on the association between educational level and mortality has produced inconsistent results: while some have reported no statistically significant association possibly because of the limited sample size, 16, 27 others have found lower death rates among the higher educated. 14, 28, 29 However, the lack of information on HIV status prevented an assessment of whether the observed differences were attributable to a higher proportion of HIV infection among lower educated IDUs. With the wider use of HAART since 1996, some studies have reported lower socio-economic status or lower incomes to be associated with a higher risk of AIDS and death. This was explained in San Francisco by a lower use of or access to HAART 17 and in France-in HIV subjects-by a lower adherence and compliance to treatment. 18 In our setting, where there is free and universal access to HIV/AIDS care better educational level has been associated with better adherence to antiretroviral drugs in HIV-positive people, 30 which appears to suggest only limited financial barriers to health-care access. Thus, it is unlikely that socio-economic status fully explains the differences in mortality for two main reasons: firstly, decreases in the risk of AIDS mortality were seen during 1997-2004 for both lower and higher educated, compared to the years before 1997. And secondly, the reduction in the risk of death during 1997-2004 among the higher educated IDUs was also observed in injuries and drug use-related causes. Duration of HIV infection, if linked to educational level, could partially explain the lower AIDS mortality among the better educated. However, adjusting for duration of injecting drug use (used as a marker of duration of HIV infection) did not change the effect of education on mortality. Several explanations have been proposed to explain the potential mediating factors that might account for the inverse education-mortality gradient. Education achieved by a person might be a marker of living conditions at the parental home, thus reflecting early life conditions. 31 It has been postulated that besides socio-economic circumstances, other characteristics in the parental home may exert an influence on trajectories in youth which lead to later afflictions causing higher risk of premature death from injuries. 32, 33 However, a study conducted in Finland 6 showed that social class differences in total mortality among men in their middle adulthood were modestly determined by the parental home-with the exception of cardiovascular diseases and alcohol-related causes-but they were mainly attributable to educational, marital, and employment paths in youth. Nevertheless, the causes of death that mostly accounted for this association, 34 are not relevant among the IDUs included in our cohort. Failures or inadequate support in early life or at vulnerable periods may give rise to an increased tendency to substance abuse or unnecessary risk taking. 35 However, once drug abuse is deeply established, particularly intravenous drug abuse, as a result of lifestyle of IDUs, it is unlikely that living conditions at the parental house could contribute to explain differences in mortality.
In the general population, the pathway from level of education to mortality has been mostly attributed to material factors, partly via psychosocial and behavioural factors. 36, 37 In IDUs, differences in mortality could be attributed to a better access to or use of the HAART 30 and harm reduction programmes among the higher educated. In this sense, the educational level of IDUs could be a marker of residence in neighbourhoods with better accessibility to the available resources. Ecological studies have shown that receiving social support 36 or living in poor neighbourhoods is associated with an increasing risk of death. 16, 38, 39 Moreover, the knowledge achieved through education may affect a person's cognitive functioning, making them more receptive to health education messages. However, behavioural factors related to health would not explain the important reduction observed during 1997-2004 for injuries. In summary, differences in the risk of death between IDUs with lower and higher education indicate that even among IDUs, there is an excess of risk attributable to social inequalities. Independently of the relative contribution that each of the factors above mentioned has on the higher risk of death among the lower educated, recommendations on improving the material situation of IDUs with lower education will have, at most, a limited effect in reducing the strong educational inequalities in mortality. Our results highlight the importance of the education per se as a tool that provides people not only with more ability to cope with stressful events but also with a great capacity to deal with conflictive situations that increase the risk of death.
Reducing socio-economic inequalities in health is an important challenge for health policy worldwide. Some authors recommend the development and implementation of interventions aimed at improving the access, use, and adherence of HIV treatments and harm reduction programmes in low-educational groups. Although these policies could have a positive effect, our results show that promoting high quality education for everyone is probably a suitable strategy for reducing socio-economic inequalities in mortality among IDUs. Nevertheless, it is remarkable that for implementing education to be efficient, it has to be complemented with general availability of those services that are effective in reducing mortality by the diverse specific cause (i.e. specialist drug treatment, harm reduction programs, HIV clinics). At present, when inequalities in childhood health are increasing in Europe (UNESCO), we would like to underline that equal opportunities should start with a wider investment in education.
